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Richard B. Doorley, Brentwood Borough, and Paul S. 
Settle, Jr., Fox Chapel Borough, Pa., assignors to Rail 
way Maintenance Corporation, Pittsburgh, Pa., a cor 
poration of Pennsylvania 

Fied May 16, 1966, Ser. No. 550,347 
16 Claims. (C. 104-) 

ABSTRACT OF THE DISCLOSURE 
Method of controlling a plurality of vehicles traveling 

along a track by impressing coded magnetic marks on the 
track at specific points therealong and sensing the signals 
from the coded marks with pick-up means mounted on 
vehicles traveling along the track. Locating the marks so 
that the pick-up means only sense certain marks and using 
marks having different patterns to create different signals 
and transmitting the signals to detector means for dis 
crimination beween different signals and stopping the 
vehicles at specific points in accordance with signals 
creating a response in the vehicle detector means. 

serizontamsun 

Specification 
This invention relates generally to the control of vehi 

cles traveling along a railroad track and more particular 
ly to the accurate spotting of vehicles at specific locations 
such as work stations which are designated as track condi 
tions require and to the initiation of a work cycle at the 
location. The operations which must be performed along 
a section of track are established by the condition of the 
track under consideration, and this in turn dictates the 
information necessary to control the vehicle or vehicles 
which are required to carry out the operations on the track. 
Information in the form of magnetic marks is placed di 
rectly in the rails of the track in the vicinity of each loca 
tion or work station where an operation or a plurality of 
operations are to be performed. Each mark is coded and 
positioned on the rails in a specific manner, and each 
vehicle is provided with a pick-up head for sensing the 
coded marks and with a detector circuit for discriminating 
between various marks so that vehicles designed to per 
form specific operations are stopped at the proper work 
stations and the working cycle initiated. Although the in 
vention has specific and important applications in the 
maintenance of railroad track it is not limited to this use. 
The most generally accepted method for positioning 

track maintenance equipment at work stations in present 
day maintenance operations is to stop the vehicle at the 
individual work stations in accordance with visual inspec 
tion of the track by either the vehicle operator or an in 
spector moving along the track ahead of the vehicle. When 
the vehicle is properly positioned, the working tool or 
tools are actuated by the operator and the working cycle 
is carried out. At the completion of the cycle, the opera 
tor moves the vehicle along the track until either he or the 
inspector spots it at the next station where the work cycle 
is to be performed. Control of maintenance equipment in 
this manner requires an operator of considerable skill and 
experience since it is essential that the vehicle be stopped 
with the working tools accurately positioned in order that 
the operation be carried out in a manner providing con 
sistent results of high quality. For example, in a tie 
tamping operation if the tamping tools of a tamper 
are not equidistant from opposite sides of the tie, 
the ballast compaction beneath the tie will be uneven. 
In order for an operator to accurately spot a vehicle at a 
work station while moving the vehicle from station to 
station at a reasonable rate of speed, it is common prac 
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tice for the operator to jog the vehicle back and forth by 
manual movement of the controls until the tools are prop 
erly positioned. This mode of spotting the vehicle obvious 
ly requires a plurality of rapid coordinated movements of 
the controls by the vehicle operator and is very tiresome. 
Furthermore, this mode of spotting is only practical dur 
ing daylight hours and in areas where commuter traffic 
is heavy; it is desirable to perform maintenance operations 
at night to minimize interruption of traffic. 
Our invention provides an automated control system 

permitting rapid movement of vehicles from one work 
station to another and insures accurate spotting of the 
vehicles with the working tools located within the close 
tolerances necessary to properly perform their function. 
The system provides for completely automatic control of 
the equipment; and, therefore, it is possible to eliminate 
the operator and/or track inspector with the consequent 
elimination of inconsistency and poor quality caused by 
inherent operator fatigue. Since an operator is not required 
when using our invention, it is possible to operate a 
plurality of vehicles in tandem at a constant relatively 
high rate of speed and, when conditions require, opera 
tions may be performed with accuracy after dark. 

In its most basic form, our invention consists in control 
ling the movement and performance of a vehicle or a 
plurality of vehicles traveling along a railroad track in 
accordance with coded magnetic marks indicating the loca 
tion and type of various operations to be performed at 
different locations along the track. The vehicles may be 
mounted either on flanged wheels for travel directly on the 
track rails or on rubber wheels for travel over the ground 
adjacent to the rails. The invention is carried out by im 
pressing the coded magnetic marks directly in at least one 
of the rails at specific locations along the track and sub 
sequently detecting the marks by pick-up heads mounted 
on vehicles and properly positioned over the rail or rails 
carrying the marks. The marks are located in a specific 
position on the rails, and each mark has a specific pattern 
of magnetic polarity and specifically spaced magnetic 
zones. Each pick-up head is positioned relative to a rail 
in a manner to detect certain marks and is connected in a 
detector circuit arranged to discriminate between signals 
created by the differently coded marks. A plurality of 
vehicles may be controlled by utilizing different marks 
having various locations on the rails or by programming 
the various detector circuits to stop the vehicles only at 
marks having a specific relationship to other marks. Addi 
tionally, the pick-up heads and detector circuits are con 
structed in a manner which prohibits response to residual 
magnetism or noise in the rail; and, therefore, a vehicle 
is stopped only at a location indicated by a particular 
mark placed in the rail. The detector circuit on each 
vehicle is connected with controls on the vehicle to auto 
matically stop the vehicle at the work station with the 
working tools properly positioned and to actuate the work 
ing tools when the vehicle is stopped. After the work 
cycle is completed, the tools are deactuated and the vehi 
cle proceeds along the track to the next work station desig 
nated by a mark having a location and code which causes a 
signal to be supplied to the detector circuit to which the 
circuit responds to again stop the vehicle. 

In the accompanying drawings, we have illustrated em 
bodiments of our invention in which: 

FIG. 1 is a diagrammatic illustration of a plurality of 
vehicles arranged in series along the track in accordance 
with one embodiment of our invention; 

FIG. 2 is a schematic side elevation of the tie finding 
and encoder vehicle shown in FIG. 1; 

FIG. 3 is a schematic side elevation of an automatic 
70 tamper equipped with a pick-up head which may be con 

trolled according to our invention; 

  



d 
FIG. 4 is a circuit for operating a pair of encoders 

which may be used on the vehicle shown in FIG. 2; 
FIG. 5 is a detector circuit which may be used for ac 

tuating the vehicle and tool controls in accordance with 
one embodiment of our invention; 

F.G. 6 is a diagrammatic plan view of a section of track 
marked in accordance with one embodiment of our in 
vention; 

FIG. 7 is an elevation of a manual encoder which may 
be used in carrying out our invention in accordance with 
another embodiment thereof; 

FIG. 8 is a view of the encoder taken on line VIII-VIII 
of FIG. 7; and 

FIG. 9 is a modified detector circuit which may be used 
for actuating the vehicle and tool controls in accordance 
with another embodiment of our invention. 

Referring to FIG. 1 of the drawings, a section of track 
having rails R and R is supported on ties S which are in 
turn supported on ballast B, and the direction of movement 
along the track is from right to left as shown by the arrow. 
The first vehicle in the group is the tie finder and encoder 
vehicle M, and this vehicle is followed by a gang of auto 
matic tampers comprising a jack tamper T having for 
wardly located jacks J and three standard tampers T1, T2 
and T3. 
As shown in FIG. 2, the vehicle M includes a frame , 

flanged rail wheels, 2, a power source 3, control housing 
4 and an encoder or marking head 5 located over the rail 
R. The encoder is mounted on the vehicle frame by pivoted 
arms 6 so that it can be elevated when the vehicle is 
traveling to and from the working area. Encoder 5 con 
sists of a three-tine soft iron core having a pair of op 
positely wound coils on the central tine so that it is a re 
versible electromagnet. A mark having three distinct mag 
netic zones is impressed in the rail by the encoder when 
current is passed through one of the coils, and the polarity 
of the zones is reversed by using different coils as explained 
in detail in connection with FIG. 4. A pick-up head P is 
also mounted on frame immediately ahead of the en 
coder 5 for a purpose to be described hereinafter. Al 
though only one encoder is shown in FIG. 2, it should be 
understood that a second encoder having the same con 
struction as encoder 5 may be mounted on the opposite 
side of vehicle M over the rail R'; and, as will appear here 
inafter, a second encoder is essential in one embodiment of 
our invention. 

Vehicle M also carries a pair of spring loaded contact 
members 7 and 8 depending from the longitudinal center 
line of the vehicle adjacent encoder 5. The contact mem 
bers are aligned with one another and are normally urged 
downwardly by springs (not shown). When members 7 
and 8 contact a tie, they will ride up on the surface there 
of against the force of the springs and maintain contact 
therewith until the vehicle moves forward along the track. 
The contact members are longitudinally spaced so that 
both members can simultaneously contact a tie; and when 
both members are forced upwardly against the force of 
the springs, a limit switch located at the upper end of each 
member is closed. When the switches are simultaneously 
closed, the circuit shown in FIG. 4 is actuated and a coded 
mark is placed in a rail to indicate the location of a tie. 
The marks are placed in the rail in a predetermined fixed 
relationship with the ties according to the design of the 
vehicle which is to be controlled by the marks. It is not 
necessary that the encoder contact the railhead in order 
to impress a mark in the rail; however, we have found it 
more convenient to have the encoder contact the rail since 
this arrangement does not require a feeler for vertically 
locating the encoder in respect of the upper Surface of 
the railhead. Although spring loaded contact members 7 
and 8 have been shown and described for finding ties, it 
should be understood that other arrangements such as 
light rays, heat waves or sound waves may also be used 
for locating ties and activating the encoder to mark a rail. 

In carrying out our invention on track mounted on 
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4. 
ballast supported ties, it is essential that there be no loose 
ballast in the horizontal plane of the upper surfaces of 
the ties since this ballast could interfere with the opera 
tion of contact members 7 and 8. For this reason, the 
machine M is provided with a vibrating arm 9 having a 
sweeper member 16 attached at its lower end to remove 
loose ballast which could interfere with the contact mem 
bers. The vibrating arm and sweeper member are located 
on the center line of the machine in alignment with the 
contact members, and the sweeper member clears any 
loose ballast from the path of the contact members. The 
arm may be vibrated by an independent motor or may be 
driven by the vehicle power source 3. As an alternative to 
mounting a vibrating Sweeper member on the machine M, 
an independent ballast brush machine may be utilized 
ahead of the machine M to remove loose ballast from 
the ties. The use of an independent ballast brush machine 
is more expensive than providing machine M with a 
vibrating sweeper, but exceptionally poor ballast condi 
tions may require the use of a separate machine. The 
ballast brush machine is of well-known design and con 
struction, and the specific features thereof form no part of 
our invention. It should be understood that our invention 
may be used with equal facility on a track mounted on ties 
which are not supported on ballast; and when used in this 
setting, it is, of course, not necessary to use either the 
ballast sweeping device on machine M or an independent 
ballast brush machine. 
Automatic tampers which may be controlled in accord 

ance with our invention are commercially available multi 
ple tool tampers, and either jack tampers, standard tam 
pers or a combination thereof may be used. The tamper 
shown schematically in FIG. 3 is a standard tamper hav 
ing a frame 1, fianged rail wheels 2 and a forwardly 
located tamping head 3 which includes the tamping 
tools. The tamper is provided with a pick-up head Plo 
cated over a rail for sensing marks impressed in that rail. 
The pick-up head is positioned in respect of the tamping 
tool so that the tools are properly aligned with the tie to 
be tamped when the tamper is stopped in response to the 
output of the pick-up head supplied to the detector circuit 
when the proper mark is sensed. Although only one pick 
up head is shown on the tamper in FiG. 3, it should be 
understood that our invention also includes tampers or 
other pieces of equipment having a pick-up head mounted 
over each rail so that a mark on either rail can be sensed. 
Detector circuits which may be used for carrying out our 
invention are shown in FIGS. 5 and 9 and are described 
in detail hereinafter. 

In the following non-limiting example, two differently 
coded marks are located in each rail for control of the 
four tamper gang shown in FIG. 1. The pick-up heads on 
tampers T and Ti are located over rail R, and the pick-up 
heads on tampers T2 and T3 are located over rail R. The 
detector circuit for one pick-up head of each pair of tam 
pers (T and T or T2 and T3) responds only to a signal 
generated by a mark having a north-south-north code, and 
the detector circuit for the other head of that pair of tam 
pers responds only to a signal generated by a mark hav 
ing a south-north-south code. When a pick-up head lo 
cates a mark having the proper code, a signal is generated, 
the signal is amplified, and the amplified signal actuates 
the vehicle brake and disengages the vehicle travel motor. 
The tamping tools are also actuated and the tamping cy 
cle is initiated. The tie is then tamped in a predetermined 
manner; and when the tamping cycle is completed, the 
brake is automatically released and the travel motor ac 
tuated and the tamper travels along the track until the 
pick-up head locates another mark having a code which 

7() creates a response in the detector circuit. The operation 

75 

of this detector circuit is described in detail in FIG. 5. 
It should be understood that each detector circuit is re 
sponsive only to a signal generated by the pick-up head 
when the head senses a specific code; and that the inten 
sity of the flux at the mark is of no importance provided 
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it is of sufficient strength to permit identification. Al 
though this embodiment has been described in connection 
with a four tamper gang, the number and type of ma 
chines controlled is not critical. 

Referring to FIG. 4 of the drawings, the encoder 5 over 
rail R consists of a three-tine soft iron core having tines 
20, 21 and 22. A pair of coils 23 and 24 are wound in 
opposite directions on tine 2 of the core, and each coil 
is connected with a control relay which permits current to 
pass through the coil when the relay is energized to close 
a contact. The control relays and contacts for the coils on 
encoder 5 are designated CR23 and CR24 and are con 
nected in the marking circuits as shown. Depending upon 
the coil which is momentarily actuated, a north-south 
north mark or a south-north-south mark is impressed in 
the rail. The encoder located over rail R' in this embodi 
ment is a duplicate of encoder 5, and in FIG. 4 the same 
reference numerals are used therewith with a prime. The 
leads 25 and 26 provide AC current; and since the coils 
of the encoders 5 and 5' operate on DC current, it is nec 
essary to connect rectifier 27 between the leads and the 
coils. - 

The marking circuit shown in FIG. 4 includes limit 
switches LS1 and LS2 located in series which permit ener 
gization of one of the conrol relays when they are simul 
taneously closed. Limit switch LS1 is controlled by for 
ward contact member 7, and limit switch LS2 is controlled 
by rear contact member 8. The limit switches are closed 
when the contact members are raised by contact with the 
upper surface of a tie. A stepping switch SS having a con 
tact arm 30 mounted for rotation as indicated by the 
arrow and eight peripheral contacts 31, 32, 33, 34, 35, 
36, 37 and 38 is connected between relays CR23, CR24, 
CR23' and CR24 and switches LS1 and LS2. The stepping 
switch determines the relay which is energized upon clo 
sure of the limit switches. Stepping switch contacts 3, 
33, 35 and 37 are live while contacts 32, 34, 36 and 38 are 
dead. The stepping switch which has been utilized is a 
type MER manufactured by Guardian Electric Manu 
facturing Company, but other commercially available 
stepping switches may also be used. Upon energization of 
one of the control relays, its contact is momentarily closed 
and a current pulse passes to its encoder coil and a mark 
is impressed in the rail over which the encoder is located. 
The stepping switch includes a stepping coil SSC which is 
connected in series with relay contacts CR23, CR24, 
CR23' and CR24. A timing relay TRS is connected in 
parallel with coil SSC and contact TRA of the timing relay 
is connected in parallel with contacts CR23, CR24, CR23 
and CR24 to permit current to pass to coil SSC when one 
of the control relay contacts is open. 
The pick-up head P and detector circuit shown in the 

marking circuit of FIG. 4 are the same as shown in FIG. 
5 except that the circuit of FiG. 4 is connected with the 
marking circuit rather than with the control circuit for 
the equipment so that the detector circuit controls opera 
tion of the encoders. The detector circuit is indicated 
by the box 39 which is connected to pick-up relay PR, 
and this relay is energized when pick-up head P senses a 
mark and a signal is transmitted to the circuit 39. The re 
lay contact PR is connected between lock out relay LOR 
and a normally closed contact TR2 of timing relay TR2. 
The lock out relay has a normally open contact LOR 
connected in parallel with relay contact PR and a nor 
mally closed contact LOR is series with limit switches LS1 
and LS2. As explained hereinafter, when contact LOR 
opens, the marking circuit is deactuated even though 
switches LS1 and LS2 are simultaneously closed. 
The marking circuit operates as follows assuming that 

limit switches LS1 and LS2 are open and that arm 30 
is on a dead contact, for example 32. The arms 7 and 8 
are raised by contact with a tie, and the limit switches are 
thereby closed completing the circuit through coil SSC to 
advance contact arm 30 to live contact 33 and energize 
control relay CR24 to close open contact CR24 and per 
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6 
mit a pulse of current to pass to coil 24 and a mark is 
impressed in the rail. The code of the mark is determined 
by the winding of coil 24 which is energized upon closure 
of contact CR24 by relay CR24. When arm 30 contacts 
live contact 33, contact CR24 of the control relay opens 
to disconnect coil SSC and reset the stepping mechanism 
for actuation by the next pulse of current. Only a short 
duration pulse is required to mark the rail, and timing 
relay TR1 times out in a fraction of a second and closes 
contact TR1 to reconnect stepper coil SSC in the circuit 
and rotate arm 30 to dead contact 34 which de-energizes 
relay CR24 and opens contact CR24 to interrupt current 
flow to coil 24. Timing relay TR1 is reset, and its contact 
opens when limit switch LS1 opens as a result of for 
ward contact member 7 dropping off the tie as the vehicle 
moves forward. 

If a Work station has been previously marked for one 
reason or another, it should not be marked again; and for 
this reason, the marking circuit includes pick-up head P. 
Only one pick-up head is required in the marking circuit 
since any marks placed along the track prior to the pas 
sage of vehicle M will be placed in the same rail. As 
suming that a mark has been placed in a rail, it will be 
sensed by pick-up head P and the output of the pick-up 
head transmitted to detector circuit 39 to energize pick-up 
relay PR and close contact PR to permit current to pass 
to lock out relay LOR. When relay LOR is energized, 
contact LOR is closed, and contact LOR is opened. Open 
ing of contact LOR disconnects switches LS and LS2 
from lead 25 and thereby prevents current from passing 
to coil SSC to index arm 30 to a live contact even when 
contact members 7 and 8 are simultaneously raised by 
contact with the surface of a tie to close switches LS 
and LS2. The pulse transmitted to relay LOR is of a 
short duration since relay PR is energized only while pick 
up head P is over a mark; and in order to insure that relay 
contact LOR remains open until contact arm 7 falls off 
the tie to open switch LS1, the timing relay TR2 is ener 
gized at the same time as relay LOR. Relay TR2 is set to 
maintain relay LOR energized a sufficient length of time 
for contact member 7 to drop of the tie and permit switch 
LS1 to open after which relay TR2 times out and opens 
contact TR2 which de-energizes relay LOR to close con 
tact LOR between line 25 and switch LS2 and relay TR2 
is reset. Contact LOR in parallel with contact PR is 
opened by de-energization of relay LOR, and the lock out 
circuit is reset to respond to another signal from the 
pick-up head. 

In FIG. 5, a pick-up head P is shown connected in a 
detector circuit which is connected with the control cir 
cuit for the vehicle travel motor and brakes and for the 
working tools. The pick-up head consists of a pair of cores 
60 and 61 of soft iron each of which has a coil 62 and 63 
wound on its base. The coils are connected to amplifiers 
A1 and A2, and the amplifiers are connected to relays 
AR1 and AR2 having contacts for controlling a stop relay 
SR which energizes forward relay FR in the vehicle con 
trol circuit to control the travel motor, brakes and tools. 
The vehicle control circuit shown above the dotted line in 
FIG. 5 includes a relay TOR for controlling the working 
tools, a solenoid B for controlling the vehicle brakes and 
a relay TRR for controlling the travel motor. A contact 
T is connected between the power supply and relay FR to 
energize the relay when closed. The specific vehicle con 
trol circuit forms no part of our invention, and any con 
trol circuit including means for controlling the travel 
motor, brakes and tools may be used. 
Assuming rail R to be marked as shown in FIG. 5 with 

a north Zone Z, a south Zone Z and a second north Zone 
Z, a magnetic flux is present at the mark as shown, and 
the sequence of operations of a vehicle equipped with the 
detector circuit will take place in the following manner. 
At the conclusion of a work cycle, relay contact T is 
momentarily closed and a pulse is simultaneously sent to 
the forward relay FR in the vehicle control circuit to 
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energize the relay and close contact FR to disengage the 
brakes and actuate the travel motor causing the vehicle 
to move forward along the track. After contact T is closed 
to initiate vehicle movement, it immediately opens in 
preparation for the next cycle; but contact FR of relay FR 
remains closed and prevents the relay from dropping out. 
When the magnetic cores of the pick-up head attain the 
position shown in FiG. 5, they are each sensing a north 
Zone (Zi and Z) and signals of a short duration will be 
transmitted to amplifiers A and A2. Upon receiving 
signals from the north zones, amplifier relays ARE and 
AR2 are simultaneously energized to close contacts AR1 
and AR2 to energize stop relay SR and open contact SR. 
Stop relay SR receives a pulse only while the pick-up 
head is over the mark; and, therefore, contact SR is opened 
only momentarily to de-energize forward relay FR caus 
ing it to drop out and open contact FR which actuates the 
vehicle brakes and deactuates the travel motor to stop the 
vehicle. Upon deactuation of the travel motor, the work 
cycle is initiated and will be completed before the tools 
are deactuated to once again momentarily close contact 
T to energize relay FR and close contact FR and initiate 
movement along the track. Since relay SR receives a 
momentary pulse only, contact SR is opened only long 
enough to de-energize relay FR and is then closed in 
preparation for the next pulse. 
The following explanation of one embodiment of our 

invention in connection with FIG. 6 assumes the rails to 
be marked as shown and further assumes that the vehicles 
of a four vehicle gang proceed from right to left in the 
direction of the arrow. The first vehicle in the gang has 
a pick-up head located above rail R', and the detector 
circuit of this vehicle is responsive only to the signal gen 
erated when the pick-up head senses a south-north-south 
mark. The second vehicle also has a nick-up head coated 
over the rail R", but the detector circuit will only respond 
to the signal generated by a north-south-north mark. The 
pick-up heads on the third and fourth vehicles in the gang 
are located above rail R. The detector circuit for the first 
of these two vehicles responds only to the signal gen 
erated by a north-south-north mark as shown in FIG. 6; 
whereas the detector circuit for the second vehicle of this 
pair is responsive only to the signal generated by the pick 
up head when it senses a south-north-south mark. 

Marks having three specifically spaced zones of alternate 
polarity are necessary in carrying out our invention rather 
than marks having only two zones to insure that it is pos 
sible to distinguish between the marks impressed in the 
rails and residual magnetism and other noise inherent in 
most rails. For example, adjacent rail ends will have oppo 
site polarity as shown in rail R' in FIG. 6; and, therefore, 
the magnetic flux at abutting rail ends will be equivalent 
to that which would be present at a mark having nort 
and south Zones. Additionally, a rail which has been han 
dled by a magnetic crane may be locally magnetized, and 
magnetic flux may be created in rails by current passed 
through the rails in normal signaling operations. Our sys 
tem will not respond to noise in the rails such as created 
at the rail joint in rail R' or to any other noise in the 
rails. 
The first tie in the section to be tamped may be selected 

by a maintenance foreman and marked by him with a 
permanent magnet, or it may be marked by the machine 
M after which machine M proceeds along the track and 
marks Subsequent ties automatically. In some instances 
it is desirable to tamp the first tie of the section under 
consideration prior to the passage of the machine M in 
order to provide a bench mark for subsequent opera 
tions. Additionally, in some instances it is desirable to 
proceed along the track with an independent jack tamper 
and raise and tamp various ties according to track condi 
tion. When, for one reason or another, ties are tamped 
prior to passage of the machine M over the track, a coded 
mark is placed on one of the rails to indicate the tamped 
tie or ties; and the pick-up head P on the machine M. 
described in connection with FIG. 4 is ccated over the 

8 
marked rail to sense these marks and prevent impression 
of another mark in the rail to indicate a tamped tie. The 
mark used to indicate tamped ties is different from the 
marks placed on the rails by the machine M; and, there 
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fore, the tamper pick-up heads will not generate a signal 
at these marks. 
Although this embodiment has been described specifical 

ly in connection with controlling four tampers in tandem 
behind the encoding machine M, is is possible to utilize 
any number of machines in a gang without departing from 
the spirit and scope of our invention. Additionally, our in 
vention includes the control of machines other than tamp 
et's and; in fact, it is possible to control a number of 
different kinds of machines in accordance with our inven 
tion. The number and type cf machines to be controlled 
determines the location on the railhead and the number 
of different marks which must be used in our system since 
it is necessary to provide a distinguishable mark for each 
machine; and if more than four machines are used, it 
will be necessary to either use marks with more than three 
Zones, to vary the spacing of the zones or to vary the lo 
cation of the marks in order to provide distinguishable 
marks for controlling the machines. For example, a 
plurality of identical marks may be placed adjacent one 
another on one rail at the same longitudinal position along 
the rail to control a plurality of machines or both rails 
may be marked at the same point. The use of a plurality 
of marks at the same point has particular application 
when a number of different machines must perform their 
functions in sequence at the same work station. 
Another embodiment of our invention comprises using 

an identical coded mark to indicate each work station. In 
accordance with this embodiment, only one rail is marked; 
and each detector circuit includes a counting means such 
as, for example, a stepping Switch which activates the ve 
hicle control circuit only after a predetermined number of 
marks have been sensed by the pick-up head. After the 
detector circuit receives the number of signals from the 
pick-up head to which the vehicle is programmed to re 
Spolid, the vehicle is stopped and the work cycle carried 
out. An alternating current magnet located immediately 
behind the pick-up head may be used to erase the mark 
from the rail so that it will not be sensed by pick-up heads 
on Subsequent vehicles. Since this embodiment requires 
only one type of mark and since all marks are located on 
the same rail, it is less complex than the previously de 
scribed embodiment and it is practical to use a manual 
encoder, if desired, since the polarity of the alternate zones 
in the mark need not be reversed. Even when an electro 
magnetic encoder is used in this embodiment, the control 
circuit is less complex than that described heretofore in 
connection with FIG. 4 since only one rail is marked and 

55 

30 

only a single code is required. When performing our in 
vention in accordance with this embodiment, it is still es 
Sential that the marks have at least three zones since the 
marks must be readily distinguishable from magnetic 
inoise in the rail. 
The following non-limiting example of this embodi 

ment assumes that marks having the same code are used 
to control automatic tampers in a four tamper gang al 
though, as in the previously described embodiment, this 
embodiment is obviously not limited either to use with 
tampers or with four machines. The detector circuit of 
the first tamper in the gang is programmed to tamp the tie 
at every fourth mark and will erase the mark at this tie. 
The detector circuit of the next tamper is programmed to 
tamp the tie at every third mark and will erase the mark 
at this tie, and the detector circuit of the third tamper is 
programmed to tamp the tie at each second mark and will 
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erase the mark at this tie.The detector circuit of the last 
tamper in the gang is arranged so that the tie at each mark 
is tamped, and this will be every fourth tie in normal 
operation. The marks which actuate the final tamper need 
not be erased, but it may be desirable to erase these marks 
from rails which carry train control signals so that they 
do not interfere with signal carrying function of a rail. 
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An advantage of this embodiment is that the last tamper 
in the gang tamps any ties which have been missed for 
one reason or another by one of the preceding tampers 
since it tamps at each mark. Additionally, if a tamper 
gets out of phase for one reason or another, the following 
tampers will develop a sequence matching the sequence 
of the tamper which is out of phase and all ties will be 
tamped. 
A manual encoder which may be used with this embodi 

ment is shown in FIGS. 7 and 8 of the drawings. This 
encoder includes three permanent magnets 41, 42 and 43 
of alternate polarity supported by a spacer head 44 which 
is bolted to a plate 45. A slide 46 is attached to the side of 
the spacer head opposite plate 45 and a stop 49 is formed 
at the lower edge of the plate. The plate 45 is attached to 
a shaft 47 having a handle 48 at its upper end. A rail is 
marked with the manual encoder by the operator pulling 
the magnets across the railhead toward himself while 
walking on the outside of the rail. When the stop 49 con 
tacts the inside of the railhead, the operator places the 
slide 46 back on the railhead and continues to the next 
tie where the magnets are placed on the railhead and the 
operation is repeated. 
An automatic encoder and circuit which may be used 

with this embodiment is a simplified version of the arrange 
ment shown in FIG. 4. A single encoder is used compris 
ing a three-tine magnet like that shown in FIG. 4 and 
only one coil is wound on the central tine since it is un 
necessary to reverse the polarity of the Zones. The mark 
ing circuit includes a pair of limit switches actuated by 
contact arms and a pick-up head to prevent marking pre 
viously tamped ties. 
The pick-up head and detector circuit shown in FIG. 9 

for use in this embodiment is basically the same as those 
shown in FIG. 5 except that the circuit includes a stepping 
switch and an alternating current erase head, and the 
same reference numerals are used to refer to the same 
elements to avoid repetition. The pick-up and erase head 
P' and the detector circuit of FIG. 9 are used on the first 
vehicle of a four vehicle gang operated in accordance with 
this embodiment. The head P' includes a pair of soft iron 
cores 60 and 61 having coils 62 and 63 wound thereon 
and connected with amplifiers A1 and A2. Amplifiers A1 
and A2 are connected with relays AR1 and AR2 having 
contacts for controlling the passage of current to a stepping 
switch coil. The head includes an electromagnetic eraser 
comprising a soft iron core 100 and a coil 101 connected 
in series with relay contact SR-EC which permits alternat 
ing current to pass coil 101 when closed to remove the 
mark from the rail. The pick-up stepping switch SS-P in 
this embodiment is also a type MER manufactured by 
Guardian Electric Manufacturing Company, but it is to be 
understood that other commercially available stepping 
switches may be used. The stepping Switch includes a con 
tact arm 105 rotatable in the direction of the arrow and 
ten peripheral contacts 106, 107, 108, 109, 110, 111, 
122, 113, 114 and 115. Contacts 110 and 115 are con 
nected to stop relay SR, and the other contacts are dead. 
Stepping coil SSC-P is connected in series with contacts 
AR1 and AR2 so that a momentary closing of these con 
tacts will energize the coil and index arm 105 in a clock 
wise direction. Coil SSC-P is also connected in series with 
relay contact T which momentarily closes at the same 
time as contact T and contact T and is connected in 
parallel with contacts AR1 and AR2 so that closure of 
contact T at the end of a work cycle will permit coil 
SSC-P to index arm 105 from a live contact to a deafi 
contact even though contacts AR1 and AR2 are open. 
The vehicle control circuit shown above the dotted 

line in F.G. 9 is identical with that shown in FiG. 5 and . 
includes contact T, travel relay TRR, brake solenoid B 
and tool relay TOR. 
The operation of a vehicle equipped with working tools 

and provided with the circuit of FIG. 9 is as follows as 
suming contact arm 105 to be on live contact 15, as 
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deactuated, a pulse is sent to forward relay FR by mo 
mentary closure of relay contact T to energize relay FR 
and close contact FR thereby deactuating the vehicle 
brakes and actuating the travel motor. Simultaneously 
with closure of contact T, contact T' closes and permits 
a momentary pulse to pass to coil SSC-P, and arm 115 
is indexed to dead contact 106. At the next mark on the 
rail, amplifiers A1 and A2 receive signals from the pick-up 
magnets and relays AR1 and AR2 are energized to close 
contacts AR1 and AR2 and to permit current to pass 
momentarily to coil SSC-P of the stepping switch to in 
dex arm 105 in a clockwise direction to contact 107. Since 
contact 107 is a dead contact, no current is conducted to 
relay. SR and the vehicle proceeds along the track. At the 
next two marks on the track, the above sequence is re 
peated with arm 105 moving successively to peripheral 
contacts 108 and 109. When the pick-up magnets sense 
the fourth consecutive mark, arm 105 rotates onto live 
contact 110, and relay SR is energized opening contact 
SR in the vehicle control circuit and actuating the vehicle 
brakes and deactuating the travel motor to stop the vehicle 
at the work station indicated by this mark. Simultaneous 
with opening contact SR, relay SR closes contact SR-EC 
to permit current to pass to coil 101 on core 100; and 
as the vehicle decelerates to a stop, the erase magnet re 
moves the mark from the rail so that it will not be con 
sidered by the pick-up heads on the following vehicles. 
The contact SR-EC is opened upon de-energization of the 
stop relay SR. Upon completion of the work cycle, con 
tact T closes to energize relay FR and contact T' closes 
to energize coil SSC-P which indexes arm 105 to dead 
contact 11. The vehicle then travels along the track 
with arm 105 advancing step by step as signals are re 
ceived until arm 105 contacts live contact 115 at which 
time the cycle is repeated. 
The subsequent vehicles in the gang operate in the 

same manner as described above except that the second 
vehicle has a stepper switch which stops it at every third 
mark, and the third vehicle has a stepper switch which 
stops it at every second mark. The fourth and last vehicle 
need not include a stepper switch since it stops at every 
mark, but the stop relay in the circuit for this vehicle is 
considered to fall within the term counting means as used 
herein since it is energized upon the sensing of one mark. 
It should be understood that any number of vehicles may 
be controlled in accordance with this embodiment of our 
invention by using a properly programmed stepper switch. 
Additionally, it is not always necessary to erase the 
marks from the rail. - 
Although our invention has been described with the 

coded marks located in the upper surface of the railhead, 
it should be understood that they may be placed in the 
inner and outer edge of the railhead with equal facility; 
and, in fact, at times it is desirable to place the marks in 
an edge of the railhead since the marks are not as easily 
removed by the passage of train wheels when they are 
located in the edges of the railhead. For example, the 
marks may be placed in an edge of the railhead if the 
rail is marked considerably ahead of the time when it is 
anticipated that the operation which is to be carried out 
at the mark is to be performed. 
As pointed out heretofore, our invention is not limited 

to use in a tamping operation but may also be used in 
connection with other types of track maintenance opera 
tions such as, for example, tie replacement and spiking. 
Our invention also has practical usage for general rail 
vehicle control. The encoding vehicle and encoder or en 
coders may be controlled by a previously prepared type 
or series of punch cards rather than by sensing means 
carried on the vehicle if desired. Additionally, it is pos 
sible to control the encoding operation by means of a 
centrally located computer which is supplied with track 
information. Regardless of the manner of controlling the 
encoding operation, our invention provides a method of 

shown. When the work cycle is completed and the tools automatic vehicle control of great accuracy and flexibility. 
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Our invention provides a fully automated vehicle con 

trol system which may be utilized without an operator 
and which makes use of the available rails to store in 
formation. The marks in the rail are not subject to re 
moval such as are paint and chalk marks placed on the 
ties. 

While we have shown and described preferred embodi 
ments of our invention, it may be otherwise embodied 
within the scope of the appended claims. 
We claim: 
i. A method of controlling a plurality of vehicles travel 

ing aiong a double rail track supported on ties including 
locating specific points along said track, impressing a 
coded magnetic mark directly in at least one of said rails 
to indicate the location of each of said points, moving 
said piurality of vehicles in tandem along said track, sens 
ing said coded marks by a pick-up means mounted on each 
of said vehicles and generating an electric signal at each 
mark sensed, transmitting each of said signals to detector 
means connected with said pick-up means, discriminat 
ing between various signals in said detector means and 
actuating control means on each of Said vehicles to stop 
the vehicle at points along said track indicated by a mark 
creating a signal to which said detector means is pro 
grammed to respond. 

2. A method as set forth in claim wherein each of 
said vehicles has automatic working tools and said points 
designate work stations along the track where track main 
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tenance functions are required including actuating said 
working tools to perform a work cycle after a vehicle is 
stopped. 

3. A method as set forth in claim 1 wherein marks in 
dicating different points are impressed in different rails 
including positioning the pick-up means on each vehicle 
to Sense only marks impressed in one of Said rails. 

4. A method as set forth in claim wherein said vehicles 
are automatic tampers having tamping tools including 
locating said points by detecting successive ties along said 
track, stopping said tampers with said tamping tools 
properly positioned relative to a tie and actuating said 
tamping tools to tamp said tie. 

5. A method as set forth in claim including remov 
ing loose ballast from the area of said ties before said 
points are located and locating said points by detecting 
ties along said track. 

6. A method as set forth in claim 1 wherein marks are 
impressed in different rails to indicate different points in 
cluding impressing said marks in said rails by passing cur 
rent to electromagnets having a plurality of tines in con 
tact with said rails so that each of said marks has a num 
ber of distinct zones equal to the number of tines and re 
versing the polarity of said zones in alternate marks by 
reversing the polarity of said tines. 

7. A method as set forth in claim including impressing 
a Second coded mark in at least one of said rails at certain 
of Said points and sensing said second coded marks by 
pick-up means mounted on certain of said vehicles. 

8. A method of controlling a plurality of vehicles travel 
ing along a track having first and second rails supported 
on ties including locating specific points along said track, 
impressing a coded magnetic mark directly in said first 
rail to indicate the location of each of said points, moving 
said vehicles in tandem along said track, sensing each of 
said marks by a pick-up means mounted on each of said 
vehicles and overlying said first rail and generating an elec 
tric signal at each mark, counting the number of said 
signals generated by each pick-up means, transmitting 
signals having a predetermined relationship to the number 
of signals counted to control means on each of said 
vehicles and actuating said control means to stop each of 
said vehicles at points along said track determined by the 
number of signals counted, 

9. A method of controlling a plurality of vehicles as 
Set forth in claim 8 including erasing the mark adjacent 
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each point at which one of said vehicles stops after said 
mark is sensed. 

10. A method of controlling a plurality of vehicles as 
set forth in claim 8 wherein said vehicles are automatic 
tampers having tamping tools including locating said 
points by detecting successive ties along said track, stop 
ping said tampers with said tamping tools properly located 
relative to a tie and actuating said tamping tools to tamp 
said tie. 

ii. A method of controlling a gang of maintenance 
Vehicles having working tools traveling along a railroad 
track having rails comprising locating specific points 
along the track where maintenance functions are to be 
performed by said working tools, impressing a coded mag 
netic mark directly in one of said rails to indicate each 
of Said points, sensing each mark in said rail with a 
pick-up means located on each of said vehicles, generating 
an electric signal at each mark sensed, transmitting the 
signals to counting means on each of said vehicles, count 
ing the number of signals transmitted to each vehicle 
counting means, transmitting a signal to the vehicle con 
trol means when a predetermined number of signals have 
been counted by said counting means, actuating said con 
trol means to stop the vehicle adjacent the last mark at 
which a signal is generated, erasing each mark indicating 
a point where a vehicle is stopped except the marks indi 
cating the points where the last vehicle in said gang is 
Stopped whereby the vehicles are stopped at successive 
marks along the track as determined by the number of 
signals counted and actuating said working tools after 
each vehicle is stopped. 

2. A method of controlling a gang of vehicles as set 
forth in claim is wherein the counting means for the first 
vehicle in said gang is programmed to transmit a signal 
to the vehicle control means to stop the vehicle when the 
number of signals counted equals the number of vehicles 
in Said gang, the counting means for each Subsequent 
vehicle in Said gang except the last vehicle is programmed 
to transmit a signal to the vehicle control means to stop 
the vehicle when the number of signals counted totals one 
less than the number of signals which actuates the con 
trol means to stop the immediately preceding vehicle in 
Said gang and the counting means for the last vehicle 
in Said gang transmits each signal generated by the pick-up 
means on Said last vehicle to the control means. 

13. The method set forth in claim 11 including erasing 
the marks by passing a pulse of alternating current to said 
One rail in the area of said marks immediately after said 
marks are sensed. 

4. A method of Spotting a vehicle traveling along a 
railroad track at specific points along said track com 
prising locating said points along said track, impressing 
a coded magnetic mark directly in a rail of said track to 
indicate each of said points, Sensing said coded marks as 
said vehicle travels along said track to determine the loca 
tion of Said points, generating an electric signal at each 
coded mark, transmitting said signals to control means 
for the brake and travel motor of said vehicle and actuat. 
ing said control means by said signals to stop said vehicle 
at the points indicated by said marks. 

15. A method as set forth in claim 14 wherein said 
Vehicle has working tools for performing a track main 
tenance function and said points along said track are work 
stations including actuating said Working tools to perform 
Said maintenance function after said vehicle is Stopped. 

16. A method as set forth in claim 4 wherein said 
vehicle has means for counting the number of signals 
generated including counting the signal generated at each 
coded mark and transmitting only signals having a pre 
determined sequential relationship to the other signals 
counted to said control means to stop said vehicle. 

No references cited. 
ARTHUR L. LA POINT, Primary Examiner. 
R. A. BERTSCH, Assistant Examiner. 


